Four concentrations of dietary nonfiber carbohydrate (42,36, 30, and 24%) were evaluated using eight multiparous Holstein cows (662 kg of BW; 63 DIM) in replicated 4 x 4 Latin squares with 28-d periods. Shelled corn and soybean meal were partially replaced with wheat middlings, dried brewers grains, and soy hulls to formulate 36, 30, and 24% nonfiber carbohydrate diets. Decreasing dietary nonfiber carbohydrate decreased DMI, did not affect actual or fatcorrected milk production, increased milk fat percentage, and decreased milk protein percentage and production. Apparent total tract DM and OM digestibilities were highest for 36% and lowest for 24% nonfiber carbohydrate diets. Digestibility of NDF was lowest for the 42% nonfiber carbohydrate diet. Ruminal pH and acetate:propionate increased, and total VFA concentrations decreased, as dietary nonfiber carbohydrate decreased. Ruminal degradation of alfalfa hay DM and NDF were higher for low nonfiber carbohydrate diets. Significant depression of DMI (.9 to 1.8 kg/d) coincided with dietary nonfiber carbohydrate concentration at or below 30%. Results indicate that diets for cows producing 40 kg/ d should contain more than 30% nonfiber carbohydrate and suggest little benefit of 42 over 36% nonfiber carbohydrate dlets.
INTRODUCTION
Carbohydrate not recovered in NDF, referred to as nonfiber carbohydrate (NFC), includes starch, sugars, pectins, and j3-glucans and can be estimated by subtracting CP, NDF, and ether extract from OM with a correction for CP bound to NDF (32). Optimal dietary NFC is not clearly defined.
Nocek and Russell (20) suggested that 40% dietary NFC was optimal in diets for lactating cows from an evaluation of diets based on alfalfa silage, corn silage, and 5050 alfalfa: corn silage; dietary NFC ranged from 30 to 45%. Hoover and Miller (14) regressed data adapted from Nocek and Russell (20) and demonstrated that, when dietary NFC was greater than 45 to 50% or less than 25 to 30%, milk production was decreased. However, only small differences in milk production occurred as dietary NFC was varied from 40 to 35%. Sievert and Shaver (25.26) reported no significant reductions in either DMI or milk production in response to reduction of dietary NFC from 42 to 35% with partial replacement of corn with fibrous carbohydrate sources. Other researchers (22, 29, 30 ) have reported no significant differences in DMI or milk production when percentages of dietary NFC were altered. Alteration of dietary NFC influenced ruminal fermentation patterns, total tract digestion of fiber, and milk fat percentage (25, 26, 30) .
Partial replacement of corn with high fiber by-product feeds is a common practice on commercial dairies and can result in moderate to low NFC diets because high fiber byproducts tend to be lower in NFC than corn (14). Data are limited on responses of lactating cows to moderate or low dietary NFC. The objectives of this study were to evaluate the effects of moderate to low dietary NFC on intake, digestion, and milk production in dairy cows.
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MATERIALS AND METHODS
Eight ruminally cannulated, multiparous
Holstein cows averaging 662 kg of BW and 63 DIM at trial initiation were in two 4 x 4 Latin squares with 28-d periods. Squares were not run concurrently because of a lack of available cows; the second square was initiated 8 wk after the first. The first 14 d of each experimental period were for adaptation to diets; sampling was during d 15 to 28 of each period. Treatments were four NFC: 42, 36, 30, and 24% of dietary DM. Dried brewers grains, soy hulls, and wheat middlings partially replaced shelled corn and soybean meal to formulate diets containing 36, 30, and 24% NFC. Diets (Table 1) were formulated to contain 18.5% CP; 35% of CP as ruminally undegradable protein was calculated from NRC (19) and 21% NDF from forage (alfalfa silage). Diets met or exceeded NRC (19) mineral and vitamin requirements. Diets were fed as TMR twice daily at 0900 and 1800 h. Corn gluten meal and dried brewers grains were used to balance ruminally undegradable protein percentages.
Feed offered and orts were recorded daily. The amount of feed offered was adjusted daily to ensure 10% orts. Alfalfa silage was sampled weekly, and moisture content was determined by toluene distillation (9) for adjustment of diet formulations. Concentrate mixtures and alfalfa silage were sampled for nutrient analysis on d 15, 16, 22, and 23 of each period. Orts were sampled on d 24 to 26 of each period. Alfalfa silage, concentrate, and ort samples were dried for 48 h in a 60'C forced-air oven and ground to pass a 1-mm Wiley mill screen (Arthur H. Thomas, Philadelphia, PA). Alfalfa silage and concentrate samples were composited by period; orts were composited by cow within period. Feed and ort composites were analyzed for DM, OM, CP, ether extract (Z), and for ADF and NDF (17). Estimation of NFC was by calculation (32). and measurement of starch and free glucose was by endoamylase and exoglucosidase incubation prior to using a glucose oxidase assay (13).
Cows were milked twice daily at 0600 and 1800 h, and production was recorded at each A fecal composite for digestibility determination was made for each cow within period and analyzed for DM, OM, CP, ADF, NDF, and starch as previously described. Concentrations of La (fecal composites), Yb, and Sm (individual time points), were determined after wet ashing using nitric acid digestion for analysis by direct current plasma emission spectroscopy (7). Apparent total tract nutrient digestibilities were calculated 1) from La concentration in diet and feces and 2) from nutrient intakes. Fractional passage rates of forage, concentrate mixtures, and liquid were determined by regression of the natural log of the rare earth concentration from the declining portion of the fecal excretion curve versus time.
Ruminal fluid was sampled immediately prior to the a.m. feeding and at 2,4,6, and 8 h postfeeding on d 22 of each period. Samples were obtained via the ruminal cannula by passage of a hand-capped plastic jar (250 ml) through the fiber mat and collection of fluid from the ventral rumen. Samples were strained through two layers of cheesecloth for immediate pH determination (Beckman model 1009 pH meter, combination electrode 39848; Beckman Instruments, Fullerton, CA). A 50-ml aliquot was acidified with 1 rnl of 50% of H2SO4 for VFA analysis. A second 50-ml aliquot was acidified with 1 ml of 50% TCA solution for ammonia analysis. Both VFA and ammonia samples were immediately frozen at -20'C and were kept frozen until analyzed as described by Sievert and Shaver (25, 26).
Early bloom alfalfa hay (20% CP; 35% NDF) and the four concentrate mixtures were evaluated in situ. Dacron bags (19 x 9.5 cm with an average pore size of 52 pm), prepared as described by Shaver et al. (H), were filled with 6-g (as fed) samples of test feeds ground to pass a 2-mm Wiley mill screen. Bags were prepared in duplicate for each feed at each time point. The type of concentrate mixture used in the dacron bag incubation for each cow corresponded to the type of concentrate being fed to that cow during that period. Bags containing alfalfa hay were also incubated within each cow. Bags were incubated ruminally for 2, 4, 6, 9, 12, 24, 48, and 72 h. Immediately prior to being placed in the rumen, bags were soaked in tepid tap water for 30 min. Bags were placed in a weighted mesh net secured to the ruminal cannula and were introduced into the rumen in reverse order starting on d 24 of each period. All bags were removed at 0900 h on d 27 of each period and were washed twice in cold tap water in a commercial washer (5). Zero-hour bags were prepared for each feed type during each period in triplicate and were also immersed in tepid tap water for 30 min before washing. Duplicate empty bags were incubated in each cow to estimate influx of DM into the bags. Bags and residue were then weighed after drying for 72 h in a 60°C forced-air oven. Rate and extent of DM disappearance were estimated using the NLIN procedures of SAS (23) as described by Sievert and Shaver (25) . The rapidly disappearing fraction (A) was estimated as the disappearance from the O-h bag, the undegraded fraction (C) as the residue remaining at 72 h, and the slowly disappearing fraction (B) as 100 -(A + C). The NDF content of alfalfa hay residues remaining in 12-, 24-, and 72-h bags were measured using the procedure of Mertens (17). Disappearance of NDF from the bags was estimated as the percentage remaining at these time points.
Data were analyzed as a replicated 4 x 4 Latin square using the general linear models procedure of SAS (23); square, cow and period nested within square, and treatment were the effects in the model. All terms were tested using the residual mean square error. For ruminal measurements, a split-plot over time model was used. Cow and period nested within square by diet, hour, and hour by diet terms were added to the model. Effects of square, cow and period nested within square, and diet were tested using cow by period nested within square by diet as an error term, and hour and hour by diet interactions were tested using the residual mean square error. No data were collected for one of the cows on the 42% NFC diet during Period 1 because she was off feed.
Significance of effects was detected using an F test of Type 111 partial sums of squares, which adjusts analyses for missing data. Orthogonal polynomial contrasts were used to test for linear, quadratic, and cubic relationships between treatment and response. Significance of effects was designated as P < .05 unless otherwise noted. The DM, NDF, and NFC intakes (adjusted for orts) and BW means are presented in Table  2 . The BW averaged 688 kg over the duration of the trial and was similar for all treatments. Decreases in dietary NFC had a negative linear effect on DMI (kilograms per day and as a percentage of BW), possibly related to the higher NDF content of the low NFC diets. MacGregor et al. (15) observed higher DMI as dietary starch was increased from 25 to 33% of DM. This change in dietary starch was of similar magnitude to that observed for our 30 versus 42% NFC diets. Declines in DMI for 36, 30, and 24% NFC diets relative to the 42% NFC diet were .4, .9, and 1.8 kg/d, respectively. The small difference in DMI between 42 and 36% NFC diets is in agreement with results of Sievert and Shaver (25, 26) .
RESULTS AND DISCUSSION
Source of fibrous carbohydrate (dried brewers grains, soy hulls, and wheat middlings) used to replace part of the corn in this trial may possibly have affected intake, particularly for the 24% NFC diet, which contained a large proportion (37.4%) of these feeds. However, results of previous trials with these feed ingredients do not support this premise. Polan et al. 'L = Linear effect (P e M), LL = linear effect (P e .Ol), and Q = quadratic effect (P c .01).
Milk production and composition data are summarized in Table 2 . Milk and 4% FCM production were not affected by dietary NFC percentage. Other researchers (22, 25, 26, 29, 30) have reported no significant differences in milk production when percentages of dietary NFC were altered. This result is in contrast to that of Nocek and Russell (X), who observed highest milk production for 40% NFC diets from an evaluation with dietary NFC ranging from 30 to 45%. Lack of a milk production decline in our trial for 30 and 24% NFC diets is surprising when the magnitude of the DMI depression (.9 to 1.8 kgld) in response to these treatments is considered. Further, intake of digestible OM was .6 and 2.0 kg/d lower for the 30 and 24% NFC diets. Continuous lactation trials may have revealed adverse effects of low NFC diets on changes in BW and body condition score that were related to the depression of energy intake. The BW change averaged +.23 kg/d and was similar for all treatments, but potential differences in ruminal fill between diets related to changes in NDF intake, and relatively short experimental periods Our results show that adverse effects of low NFC diets on milk protein percentage and production are also of concern when high fiber by-product feeds partially replace corn in diets with a fixed forage:grain ratio. Apparent total tract nutrient digestibilities are summarized in Table 3 . Dietary NFC had linear and quadratic effects on DM and OM digestibilities that were highest for 36% NFC and lowest for 24% NFC diets. Linear and quadratic effects of dietary NFC were observed for CP and NDF digestibilities, which were highest for 30% NFC and lowest for 42% NFC diets. Higher digestibility of CP for the 30% NFC diet was possibly due to the higher dietary CP content (19.8 vs. 19.1%). Higher digestibility of NDF for moderate to low NFC diets has been reported by others (25, 26, 30 ) and may be due to higher NDF digestibilities for high fiber by-products than for forage. Digestibility of ADF was not affected by treatment. Decreases in dietary NFC had a positive linear effect on digestibility of starch. Higher total tract digestibilities of NDF and starch for moderate to low NFC diets were possibly due to positive associative effects of fiber on ruminal fermentation.
Ruminal fermentation data are presented in Table 4 . Means presented are the average of samples taken at 0 , 2 , 4 , 6 , and 8 h postfeeding because no significant NFC by hour interactions were detected. Ruminal pH increased linearly, and total VFA concentration decreased linearly, as dietary NFC decreased, but, as reported by others (25, 26), no differences occurred between 42 and 36% NFC diets. Ruminal pH was above 6.0, and acetate: propionate was above 3.0 for all diets. Acetate in tables) , averaged .093ih and were similar for all treatments. Some (6, 26). but not all (Z), researchers have reported increased liquid turnover as dietary fiber increased. Measures of fractional digesta passage rates are relative rather than absolute because rare earth markers may migrate from the feedstuff originally marked, and corrections for marker movement are not feasible (8) .
Fractional passage rates of Yb applied to alfalfa silage and SM applied to concentrate mixtures (data not provided in tables) averaged .058 and .073/h, respectively, and were similar for all treatments. Sievert and Shaver (26) reported that fractional passage rates of forage and concentrate were not affected by percentage of dietary NFC. Erdman et al. (10) observed no differences in rates of passage among corn, soybean meal, and high fiber byproduct feeds.
CONCLUSIONS
Lactating cows can apparently tolerate fairly high dietary NDF concentrations and intakes of NDF without a major reduction of DMI when high fiber by-products are included in diets based on alfalfa silage, although, at NDF intakes at or above 1.45% of BW, DMI was significantly depressed. This depression coincided with dietary NFC concentrations at or below 30%. Production of milk and 4% FCM was not affected by dietary NFC concentrations, but continuous lactation trials may have revealed adverse effects of 30 and 24% NFC diets on changes in BW and body condition score that were related to the depression of DMI. Changes in ruminal pH and fermentation end products, forage NDF degradation, and apparent total tract nutrient digestibility can be achieved by lower dietary NFC concentrations, resulting in increases in milk fat percentage. However, decreased dietary NFC decreased milk protein percentage and production. Results indicate that diets for cows producing 40 kg/d should contain more than 30% NFC and suggest little benefit of 42 over 36% NFC diets.
